In nonplacental or nontrophotenic vertebrates, early development depends on the maternal provision of egg yolk, which is mainly derived from large multidomain vitellogenin (Vtg) precursors. To reveal the molecular nature of the protein pools in vertebrate oocytes, published data on the N-termini of yolk proteins has been mapped to the deduced primary structures of their parent Vtgs. The available evidence shows that the primary cleavage sites of Vtgs are conserved, whereas the cleavage products exist as multidomain variants in the yolk protein pool. The serine-rich phosvitin (Pv) domains are linearly related to the molecular masses of the lipovitellin heavy chain. The 3
INTRODUCTION
Vitellogenins (Vtg) are large multidomain apolipoproteins that are the precursors of the major egg yolk proteins (Yps) in vertebrates and in most invertebrates [1] [2] [3] [4] [5] [6] . In vertebrates, synthesis of Vtg occurs cotranslationally, primarily in the liver, as a result of a co-ordinated female-specific endocrine cascade that involves the brain, ovary, liver, and systemic circulation [7] . In vertebrates, a complete Vtg is composed of a signal peptide, a heavy chain lipovitellin (LvH), a phosvitin (Pv), a light chain lipovitellin (LvL), and a von Willebrand factor type D domain (Vwfd). In teleosts, the Vwfd is cleaved into the beta component (b 0 ), and C-terminal coding region (CT). The b 0 derives its name from earlier chromatographic studies of yolk proteins [8, 9] . After removal of the signal peptide, the mature vertebrate Vtg is linearly organized as a quadrapartite NH 2 -(LvH-Pv-LvL-Vwfd)-COO À monomer, while the teleost Vtg is organized as a pentapartite NH 2 -(LvH-Pv-LvL-b 0 -CT)-COO À monomer ( Fig. 1 ). All vertebrate Vtgs are posttranslationally glycosylated and phosphorylated in the endoplasmic reticulum (ER) and Golgi complex before being tagged for export, and are secreted to the circulating plasma as homodimeric lipoprotein complexes. During passage through the ovary, specific receptors (Vtgr), which are anchored in the oocyte plasma membrane, bind Vtg and become internalized with their Vtg ligands via clathrinmediated endocytosis [10, 11] . Recent data suggest that receptor complexes that lack AP-2 adapters preferentially target internalized cargo, such as low-density lipid particles, to a population of degradative endosomes [12] [13] [14] [15] . It is also known that internalized vesicles that contain the related very high-density Vtg are rapidly sorted to early endosomes in the oocyte where they are acidified due to the action of ATPdependent V-class proton pumps [4, 10, [16] [17] [18] [19] . The acidification activates cathepsin D (CatD), which cleaves Vtg into its constituent Yps [20] [21] [22] [23] [24] [25] . In vertebrates, this is known as the primary cleavage event of Vtg, and it yields lipovitellins (Lv), Pv, and b 0 (reviewed in [26, 27] . In a recent study of the structure and disassembly of Vtgs and Yps in a marine pelagophil teleost [5] , it has been suggested that the Pv domains remain covalently attached to the LvL of one paralogue (HhvtgAa) but to the C-terminal subunit (LvHc-Ab) of the other paralogue (HhvtgAb). Due to the multiplicity of the Vtg family [5, 6, [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] , it has proven challenging to establish the precursor-product relationships between Vtgs and Yps based on their physical, chemical or antigenic properties. Given the increased information on the deduced primary structures of the parent Vtgs together with the N-terminal peptide data on the derivative Yps, it is now possible to ascertain whether vertebrate Vtgs are indeed cleaved into their constituent Lv, Pv, and b 0 Yps. Similarly, the primary structural data can be related to the growing number of resolved 3-D models, providing new insights into the cellular functions of the Pv and Vwfd subdomains. In the present review, the new Vtg gene nomenclature of Finn and Kristoffersen [6] is used.
YOLK COMPLEXES

Amphibia
For amphibians, the Pv domains have been characterized for African clawed frog, and depending on the study, have reported molecular masses of [16] [17] [18] [19] , 25 kDa [47] , or 31 kDa [48] . In addition, the N-termini of the LvL domains from VtgABa1, VtgABa2, and VtgABb1 have been identified [49] . These N-termini precisely match the cleavage sites of LvL-Aa and LvL-Ab revealed in the recent study on Atlantic halibut [5] and the fully conserved Phe in the alignment of Finn and Kristoffersen [6] . Since the LvH domains have been independently estimated at 120 kDa [48] , which matches the molecular mass predicted from the sequenced genes [47, 50] , the reported molecular mass of Pv should match the molecular masses of 23.2 kDa and 23.7 kDa calculated for VtgABa2 and VtgABb1, respectively (Fig. 2) . The data of Yoshitome et al. [47] are a good match, while the data of Ohlendorf et al. [46] indicate that smaller cleavage variants may exist. Thus, in [64, 69] . The precise Vtg subdomain maps were obtained from an alignment of vertebrate vitellogenins [6] . A short signal peptide is shown that leads to the LvH N-terminus, which in vertebrates appears to be a pyroglutamate. Consensus sequences of the subdomain cleavage sites are shown along the length of the Vtg bar. Most of these sites are recognized by cathepsin D. However, the LvL may be processed at either the N-terminal oocyte LvL cleavage site (ooc LvL-CS) or a second more C-terminal egg LvL maturational cleavage site (LvL-MCS). In the latter case, cathepsin B or cathepsin L cleaves the molecule during oocyte maturation in teleosts [23] . A conserved Asn-glycosylation site is identified near the N-terminus of the vertebrate Pv domain. Cysteine (Cys) residues are shown in yellow circles, and are linked where disulfide bridges are known to exist. Phosphates, schematically shown in orange circles, are mostly phosphorylated to Ser (S) residues in the Pv domains [61] . The 3-D structure was assembled from snapshots of lipovitellin worms rendered using Cn3D [119] . The colors of the LvH (N-sheet)-(a-helix)-(C-sheet)-(A-sheet) subdomains and the LvL domain match the default domain colors of the protein data bank model when rendered in Cn3D. The vertebrate Pv (vPv) domain (not modeled) is drawn at the outer edges of the homodimeric Vtg structure to illustrate its putative function. The vitellogenin receptor (Vtgr: A-and C-type Vtgs) minimal interaction domains were identified after Li et al. [120] and mapped to an exposed b-sheet of the LvH N-sheet between a tetrad of fully conserved Cys residues. These Cys residues form disulfide bridges [64] that stabilize the conformation of the N-sheet by linking two small b-sheets and an otherwise disordered loop that interacts with the C-sheet. The three most-N-terminal ligand-binding repeats (LBRs) of the Vtgr monomer (labeled 1, 2, and 3) are superimposed on the exposed b-sheets of the Vtg homodimer. The putative binding site for Zn 2þ [64] is shown between two highly conserved His residues. The first oyster phosvitin (iPv1) is mapped to illustrate its primary locus in the linear model. Shown is the conserved putative invertebrate furin cleavage site (RAKR, RxVR, RxxR; pronounced ''Rocker'' in a Rastafarian dialect), which separates the small subunit from the large subunit in invertebrate Vtgs. Although iPv1 is not present in vertebrate Vtgs, a conserved putative (Rocker) furin cleavage site exists in the LvL domains of vertebrates. LG maturational cleavage site (see Fig. 1 ). The reclassified Vtg gene homologue nomenclature [6] is given and compared to the earlier nomenclature. Vtg, vitellogenin; LvH, lipovitellin heavy chain; Pv, phosvitin; LvL, lipovitellin light chain; b', beta' component; CT, C-terminal coding region; CS, cleavage site; MCS, maturational cleavage site.
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FINN amphibians, Vtgs seem to be processed into separate Lv and Pv components. However, the situation in birds and fishes is more complex.
Birds
The chicken carries multiple copies of Vtg, which have previously been chronologically classified as Vtg1, Vtg2, and Vtg3 [51] [52] [53] [54] . These genes have recently been reclassified phylogenetically as VtgAB1, VtgAB2, and VtgAB3, respectively [6] . Within the chicken Vtg genes, up to five Pv variants exist. Smaller phosvettes, which range in size from 13 kDa to 18 kDa, and 'full' Pvs, which range in size from 28 kDa to 50 kDa, have been reported [5, [55] [56] [57] [58] [59] [60] . The predicted molecular masses of the chicken Pv proteins cleaved between the conserved KKIL site and the conserved HhvtgAa Phe 1131 putative CatD cleavage site should be 27.9 kDa, 25.9 kDa, and 11.8 kDa for VtgAB1, VtgAB2, and VtgAB3, respectively (Fig. 2) . However, N-terminal data for the major avian Pvs reported for chicken and ducks [61] indicate that the chicken VtgAB2 Pv N-terminus is AEFGTEP, which lies 31 amino acids (aa) downstream of the KKIL motif. Thus, the predicted molecular mass of chicken VtgAB2 Pv would be even smaller at 22.3 kDa. While the molecular mass of VtgAB3 Pv may explain some of the phosvette reports, this value is clearly at the lower end of the observed values. Similarly, only the lower value of 28 kDa for full Pvs corroborates the calculated molecular masses of the Pv proteins. When Groche et al. [62] subjected chicken LvLs to Edman degradation they observed multiple aa signals from the third cycle onwards, so they were unable to identify definitively the N-terminus of LvL. Thus, it is not possible to verify that the conserved HhvtgAa Phe 1131 is in fact the N-terminus of chicken LvLs, despite the conserved Phe being located in this motif in each of the chicken Vtgs.
In the recent study on Atlantic halibut [5] , it was noted that during the maturational proteolysis of the Vtg paralogues that the LvLs were N-terminally truncated, by 40 aa in LvL-Aa and by 35 aa in LvL-Ab, to a position two aa downstream of a highly conserved Tyr/Phe (Tyr 1168 , HhvtgAa; Tyr 1173 , HhvtgAb). This precise pattern of maturational processing also occurs in the barfin flounder [30] , in the common mummichog [29] , and in all three expressed Vtgs of red seabream [44] . Therefore, this site is termed the oocyte maturational LvL Nterminal cleavage site (LvL-MCS). It is the putative recognition site for CatB and/or CatL. An exact match for this site (FLGDIK) was identified in tryptic digests of the 30-kDa chicken VtgAB2 LvL [62] .
Given that the LvL-MCS is the N-terminal processing site for chicken LvLs, the predicted molecular masses of VtgAB1, VtgAB2, and VtgAB3 should be 37.5 kDa, 30.8 kDa, and 15.9 kDa, respectively (Fig. 2) . These latter values resemble the molecular masses observed for the Pvs [56] [57] [58] [59] [60] , but still fall short of the higher than 40 kDa molecular masses of the Pvs, including the 50-kDa major band, observed by Finn [5] . However, the molecular masses derived from SDS-PAGE have been reported as 30 kDa for the chicken LvLs [2, 62] , and as ;32 kDa for CatD-processed Lv in both chicken and Japanese quail [59] . The predicted molecular masses of the LvLs cleaved at the LvL-CS are 31.5 kDa, 27.2 kDa, and 26.9 kDa for VtgAB1, VtgAB2, and VtgAB3, respectively, while the predicted molecular masses of the LvLs cleaved C-terminally at the conserved Tyr/Phe (LvL-MCS) are 21.9 kDa, 22.3 kDa, and 22.4 kDa for VtgAB1, VtgAB2, and VtgAB3, respectively (Fig. 2) . Unlike Pv, LvL is not known to show anomalous behavior in SDS-PAGE, and thus the latter molecular mass values for LvLs are significantly lower than predicted, while the former closely match the observed molecular masses for LvLs [2, 59, 62] . This suggests that the LvL-CS identified by Finn [5] is indeed the recognition site for CatD and the Ntermini of chicken LvLs, as previously shown for amphibians and presently shown for teleosts (see below). The predicted PvLvL conjugates of the major and minor chicken Vtgs (VtgAB1 and VtgAB2) processed at the LvL-CS are 59.4 kDa and 53.1 kDa, respectively (Fig. 2) . These conjugates closely match the higher in-gel molecular masses observed for full Pvs [5, 57, 59] . From this analysis, it can be inferred that the chicken Pvs with molecular masses greater than 25 kDa have Lv fragments attached to them.
Teleosts
It is only recently that sufficient N-terminal sequence data for Vtg-derived Yps in fish have become available. The Vtgs of barfin flounder and red seabream are cleaved at the fully conserved LvL-CS Phe (HhvtgAa Phe 1131 ), establishing the Ntermini of the LvLs in these species [30, 44] . Data for Japanese common goby, which has two Vtg forms, a VtgAa type (reported as Vg-530) and a VtgC type (reported as Vg-320) [38] , show that the VtgAa LvL is also cleaved at the fully conserved LvL-CS, and therefore, the LvL N-terminus is identical to that of the Atlantic halibut [5] . The VtgC form is not processed and remains as an LvH-LvL conjugate in the oocyte yolk [38] . A similar observation has been made for Mozambique tilapia [63] . Yolk proteolysis during oocyte maturation has not yet been studied in the Japanese common goby or Mozambique tilapia. In a similar study on the ovoviviparous mosquitofish, Sawaguchi et al. [42, 43] identified three forms of Vtg, which were previously classified as VgA, VgB, and VgC but are reclassified as VtgAa, VtgAb, and VtgC, respectively [6] . Surprisingly, despite having the KKIL site and the LvL-CS, the VtgAa form is not cleaved into Lv and Pv, but remains as conjugates that range from full Vtg (LvH-Pv-LvL-b 0 -CT) to Pv-LvL, while in the VtgAb form, only LvH was identified. In the VtgC form, which lacks Pv and the fully conserved Phe (HhvtgAa Phe 1131 ) of the complete Vtgs, unprocessed LvH-LvL, cleaved LvH, and LvL proteins can be found [42] . In the only other species (the common mummichog) for which Vtg-Yp sequence maps exist, LaFleur et al. [29] have revealed that the two forms of Vtg, reported earlier as VtgI and VtgII, [28] but now reclassified as VtgAa, and VtgAb, respectively [6] , are differentially processed. In the VtgAa form, the LvH-Aa form exists as a complete 122-kDa protein (Yp122) and an N-terminal 103-kDa fragment (Yp103 ¼ LvHn-Aa). The C-terminal fragment of the LvH-Aa is a 19-kDa protein (Yp19 ¼ LvHc-Aa), which is cleaved only four aa upstream of the LvHc-Aa cleavage site in Atlantic halibut [5, 29] . In the VtgAb form, only the Nterminal fragment LvHn with a molecular mass of 69 kDa (Yp69) has been identified [29] . This is very close to the molecular mass of the lamprey Lv1n domain (67 kDa), which is cleaved at the end of the C-sheet [64] , and it is suggested that the mummichog LvHn-Ab is homologous to this peptide fragment. Interestingly, peptides of the same molecular mass appear temporarily as Yp8 during the maturational proteolytic events in halibut [5, 65] . The N-terminus of the mummichog LvL-Aa identified by LaFleur et al. [29] is located at the LvL-CS, but with a molecular mass of 45 kDa it is almost twice the size of the predicted LvL-Aa protein of 24.7 kDa (Fig. 2) , and must therefore be covalently linked to the b 0 and much of the CT, which together represent the Vwfd domain. It is reasonable to make this assumption, since LaFleur et al. [29] have identified the b 0 component as a 26-kDa protein (Yp26).
VITELLOGENIN COMPLEXES AND SUBDOMAIN FUNCTIONS
Interestingly, during oocyte maturation in the mummichog, the (LvL-b 0 -CT)-Aa Yp45 is N-terminally processed to a 42-kDa (LvL-b 0 -CT)-Aa Yp42 protein in precisely the same manner as has been described for Atlantic halibut and other species at the conserved LvL-MCS [5] . A summary of these findings is provided in Figure 3 , where it is shown that the primary CatD cleavage products of Vtg in fish exist as multidomain variants rather than separate Pvs and Lvs, as is commonly thought.
PHOSVITIN FUNCTIONS
Earlier hypotheses regarding the functional significance of the Pv domains arose from observations that the domain was present only in vertebrates, with the largest tracts occurring in terrestrial vertebrates [2] . These observations gave rise to the length-evolution relationship and the notion that the P i and Ca 2þ ported by the Pv domains are used for bone formation. The latter notion is well established in the literature [27] . The discovery that agnathans and teleosts also contain Pv domains that are equal in size to those of the terrestrial vertebrates [66, 67] shed doubt on the length-evolution idea. Similarly, the observation that insects have, albeit unrelated, polyserine tracts [3, 4, 68] raises doubts about the bone formation hypothesis.
In a recent study, Finn and Kristoffersen [6] have proposed that the origin of the first of the two insect Pvs (iPv1; see Fig.  1 ) and the single vertebrate Pv domain (vPv) can be traced back to the Mollusca (Pacific oyster). This indicates that Pv has been present in Vtgs at least since the Tommotian era 535 million years ago and predates the rise of arthropods. The ancient origin and evolutionary persistence of Pv are clear indications that it has an important function.
In vertebrates, the sequential nature of the Vtg primary structure means that the Pv domains are covalently linked to the outer edges of the homodimeric Vtg structure between the LvH A-sheet and LvL domain [64, 69] . This arrangement allows the Pv domains to form loops that cover the large lipid cavities of the Vtg homodimer, permitting the inner hydrophobic backbone of the polyserine domain to interact with the lipids in the cavity, while the charged hydrophilic phosphates, which are attached to the Ser residues, interface with the solvent (Fig. 1) . The Pv domains thus represent specialized amphipathic structures. This is in line with the b-sheet structure 
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FINN suggested for salmon egg Pv [70] . The basic amino acids, such as Arg and Lys in Atlantic halibut and His in other vertebrates, would further enhance solubility, while structural stability would be cemented following posttranslational phosphorylation of Ser residues and the subsequent binding of Ca 2þ . It is also well-established that ApoB, which is a descendent of Vtg [6, [71] [72] [73] , is synthesized cotranslationally in the liver [74, 75] . The loading of lipid is critical to the stability of the nascent lipoprotein [75] [76] [77] . However, ApoB does not have a polyserine domain but has a hairpin salt bridge [75, 78] , so it relies on a related protein, microsomal triglyceride transfer protein (MTP), to deliver lipid to its folding core [77] [78] [79] [80] [81] . In the present context, it is proposed that Pv stabilizes the nascent Vtg while it receives its lipid cargo, and thus facilitates the hepatic loading and locking of lipid within the (C-sheet)-(Asheet)-(LvL) cavity. Once Pv is phosphorylated in the Golgi complex, it enhances the solubility of the Vtg lipoprotein for secretion to the circulating plasma. It is further suggested that the stabilizing properties of Pv protect Vtg against premature degradation. The location of iPv1 in insects lies between the Nsheet and a-helical domain, where there is an opening to the lipid cavity (Fig. 1) . Thus, iPv1, which is shorter than the vertebrate Pv, may perform the same primary function as that proposed above for vPv.
The size of the Pv domain is highly correlated to the size of the LvH domain (Fig. 4) , which may indicate greater lipidloading capacity associated with larger lipid pockets. However, the data in the literature for the lipid contents of vitellogenin and eggs do not support this notion [82] . An alternative possibility is a relationship between LvH-Pv size and the type of lipid in the egg. More than two thirds of the lipid transported by Vtg is phosphatidylcholine (PC), while neutral lipids (mainly triacylglycerols; TAG or wax esters) comprise the remainder [42, 64, [82] [83] [84] [85] [86] . Within both freshwater and marine teleosts, short Pv domains seem to be correlated with eggs that do not possess large oil globules, but rather have a preponderance of PC, as in Atlantic halibut [87] . However, the longer Pv domains mostly belong to species that have oil globules with a high content of neutral lipids. Therefore, Vtg may have a higher neutral lipid load in these latter species, and this would require larger amphipathic structures to maintain solubility in the plasma. Further studies are needed to clarify this notion. The strong correlation with the size of the LvH suggests that larger pockets may be necessary to accommodate neutral lipids. However, it is recognized that the Pv domain is not obligatory for lipid transport, since the phosvitinless class of Vtg (VtgC) does transport lipids, albeit at lower levels, i.e., 13 .7% compared to 16-21% by mass in complete Vtgs [42, 82] . It is further recognized that most of the neutral lipid (Fig. 2) as a function of the predicted molecular mass of the lipovitellin heavy chain (LvH). Only phosvitins (Pv) have taxa labels and demonstrate a highly significant (P , 0.005) positive linear relationhip to LvH (y ¼ 2.502x -278.08; r ¼ 0.79). The size of the lipovitellin light chain (LvL), beta' components (b') and C-terminal coding regions (CT) are highly conserved and independent of the predicted molecular mass of the LvH.
VITELLOGENIN COMPLEXES AND SUBDOMAIN FUNCTIONS
delivered to oocytes that have large oil globules is not via Vtg but via other lipoproteins [88] [89] [90] .
Another function of Pv is to bind Ca 2þ and port P i and metal ions into the oocyte. Either during passage in the blood or once in the oocyte, the Pv domains act as an acceptor for ferric iron (Fe 3þ ) [91] , which is delivered separately by transferrin [92, 93] . This latter property of Pv may explain the novel observations of the role of Vtg in defense reactions [94] . Contrary to the suggestions of Shi et al. [94] , Vtg is not related to the clotting proteins of crustaceans or echinoderms. The pacifastin of crayfish [95] and the Yps of echinodermata and cephalochordata are related to the transferrin family of proteins, and as such are important antimicrobial agents in the defense against pathogenic 'iron pirates' [92, 93] .
A further function of Pv is expressed in pelagophil teleosts, such as the Atlantic halibut, wherein the secondary cleavage event during oocyte maturation results in dephosphorylation, and the released P i contributes to the osmolyte pool that hydrates the oocyte [65] . Although the Pv-ported Ca 2þ and P i may eventually contribute to bone formation, cuticle or shell secretion, these functions are at the end of a long series of cell signaling events. Among other events, Ca 2þ released from phosvitin during the acidification step in the early endosomes participates in the activation of SNARE protein-mediated membrane fusion of the endosomes [96] [97] [98] , and is subsequently involved in the cortical reaction. The released P i contributes to intracellular signaling through phosphorylation cascades, and after fertilization and the resumption of mitosis, it contributes to the adenylate pool. In this latter respect, P i represents a vital substrate for nucleic acid synthesis in the blastulae prior to gastrulation and organogenesis, at which time-point the first ionoregulatory systems are established. Finally, both Ca 2þ and P i may contribute to other mineralization pools, although as stated, by this time the embryo has developed the ability to sequester minerals from external sources.
VON WILLEBRAND FACTOR
The b 0 and CT domains in teleosts are the cleavage products of a larger protein that is homologous to VWFD [2, 3, 6, 99] . In other nonmammalian vertebrates, VWFD remains intact as YGP40 in chicken [100] but as in teleosts, it may not be incorporated into the yolk platelets. Since the major form of Vtg in zebrafish, VtgAo1 (previously reported as Vtg1 [41, 101] ), is expressed at a 100-1000-fold higher level than other forms (VtgAo2 and VtgC [41] ) but lacks the b 0 and CT domains, it seems clear that b 0 , CT, and Vwfd are not involved in the yolk crystallization process. In zebrafish, the Yps are known to crystallize in an orthorhombic lattice [102] .
The very high cysteine content of the Vwfd and its conservation throughout the metazoa implicate its functional importance. Its three dimensional location is predicted to lie between the a-helical domain and the C-sheet of the Vtg dimer (Fig. 1) . In this locus, it protrudes into the solvent, and may thus aid solubility via its N-linked glycosyl component [100] , while simultaneously stabilizing the dimer. Alternatively, it may play a role in cellular recognition, as suggested for mucins and zonadhesins (see below), and provide a point of anchor that facilitates the binding of Vtg to Vtgr. Once Vtg is internalized by the oocyte, the Vwfd is the only native component (26-33 kDa) that consistently separates from the rest of the Vtg dimer in both pelagophil and benthophil species [8, 9, 30, 38, [42] [43] [44] [103] [104] [105] . In humans, the precursor VWF molecule (pro-VWF) contains two RGD motifs: an RGDC motif in the N-terminal D2 domain, and an RGDS motif in the mature C-terminal C1 domain [106, 107] . These motifs interact with the exposed extracellular matrix via activated aIIbb3 integrins in the endothelial walls [108] , while the remaining segments of the VWF cause aggregation of platelets as part of the hemostatic clot cascade [109] [110] [111] . In other mammals and nonmammalian vertebrates, the RGD motifs are lacking [6, 112] . This suggests that the platelet-aggregating properties of VWF do not depend on the RGD motif but are instead induced by a shear force that transforms the VWF from a globular condensed conformation to an extended chain conformation [108] . The globular nature of VWF may explain its lubricant properties in mucins [113] [114] [115] , while its extended conformation may explain its cell adhesive properties in other proteins, such as integrins and zonadhesins [108] . In the present context, the blood-clotting properties of the VWFD may have arisen from yolk platelet adhesion.
The higher expression levels of coagulation factor VIII when coexpressed with VWF are thought to be due to the proteolysis-protective properties of VWF [116] . This property may be important for the protection of Vtg during passage in the systemic circulation, as well as during the differential proteolysis of the Yps of marine teleosts during final oocyte maturation [5, 65] . However, the absence of the Vwfd in the major Vtgs expressed by Ostariophysian fishes [41, 45, 101, 117, 118] and in all VtgC forms suggests that other functional solutions have been realized among fish species. Furthermore, the proteolysis of the Vwfd domains during oocyte maturation in some marine pelagophil teleosts [5, 30, 44] , as opposed to its persistence in other marine pelagophils ( [105] , Kolarevic and Finn, unpublished data) adds to the mystery surrounding the function of this protein. Further studies are necessary to elucidate these novel aspects of the subdomains of Vtg.
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